For cluster analysis, we reduce the four-dimensional tensor to a two dimensional matrix of positional correlation:
carried out using modified versions of standard methods in MATLAB using cityblock distances and complete linkage.
Construction of LOV2-DHFR chimeras
E. coli DHFR was cloned as a NcoI/XhoI fragment into the expression vector pHIS8-3, previously described (6) . Silent mutations were engineered into the DHFR gene were built by the polymerase chain reaction (PCR) using overlapping oligonucleotides (Table S2 , AsLOV2_1-AsLOV2_14, or AsLOV2_1-AsLOV2_12 plus AsLOV2_noJ1-AsLOV2_noJ2, respectively) with terminal oligonucleotides that were complimentary to the DHFR sequence and included restriction sites for insertion into Group A or B positions, and amplified using oligos AsLOV2_PF and _PR (Table S2) . Dark-locked mutants (C450S) were synthesized similarly by replacing one oligonucleotide containing the mutation (Table S2 , AsLOV2_5 replaced with AsLOV2_C450S). Plasmids encoding the chimeric proteins were created by ligation into the Group A or B restriction sites of DHFR.
All constructs were verified by DNA sequencing.
Protein Expression and Purification
DHFR-LOV2 chimeric proteins were expressed in BL21 (DE3) cells grown at 37 ºC in Terrific broth to an absorbance at 600 nm of ~1.2 and induced with 0.25 mM IPTG at 18 ºC overnight. Cell pellets were lysed by sonication in binding buffer (0.5 M NaCl, 10 mM imidazole, 50 mM Tris-HCl, pH 8.0) followed by centrifugation and incubation with Ni + -NTA resin (Qiagen) for 30 min at 4 ºC. After washing three times with binding buffer (50 ml/wash) DHFR-LOV2 protein was eluted with elution buffer (1 M NaCl, 400 mM imidazole, 100 mM Tris-HCl, pH 8.0). Eluted protein was dialyzed into dialysis buffer (300 mM NaCl, 1% glycerol/ 50 mM Tris-HCl, pH 8.0) at 4 ºC prior to purification by size exclusion chromatography. Purified protein was concentrated and flash frozen using liquid N 2 prior to enzymatic assays.
Auxotrophic screen
E.coli strain ER2566 was modified to have a deletion of the DHFR gene (ER2566 ΔfolΔthy) and was used for the in vivo screen (7) . The minimal media used in the auxotrophic screen was prepared as described previously (8) . In the minimal media, the source of purine and other amino acids was limited, and only cells with DHFR activity obtained from the plasmid will survive.
Specific activity of lysate
PAS-DHFR chimera constructs transformed into DHFR mutant strain (ER2566 ΔthyΔfol) were grown at 37 ºC in 50 mL of LB containing 50 µg/ml kanamycin and 50 µg/ml thymidine to an absorbance of ~0. 
UV spectral assay
A 2 µl solution of chimeras (~1000 µΜ), in MTEN buffer pH 7 (9), at 25 ºC was scanned in a 2048-element linear silicon CCD array nanodrop spectrometer (ND-1000) under both light and dark conditions. The light was furnished by a 26 W fluorescent lamp held adjacent to the sample. The spectra under both conditions were repeated to ensure the reversibility of the switch (10).
Pre-steady-state kinetics of k hyd
Pre-steady-state kinetic experiments to measure the hydride transfer rate (k hyd ) were performed on a Applied Photophysics stopped-flow spectrometer. For the single turnover condition, 20 µM of enzyme solution was preincubated with NADPH (200 µM) in one syringe and less than a stoichiometric amount of H 2 F (10 µM) in the other syringe and the two were mixed to initiate the enzyme reaction. The UV absorbance change at 340nm was used to monitor the decrease of NADPH as described previously (11) . For a light activated reaction, a fluorescent lamp was placed in front of the reaction syringes, which were submerged to a depth of 1 inch in the water bath. The syringe solution was illuminated for five minutes before commencing determination of k L . After measurements of light activated reactions, the remaining solution in the same syringe was shielded with aluminum foil and dark reaction rates (k D ) were measured. The hydride transfer rate (k D (C450S) ) for a chimera carrying a C450S mutation in the LOV domain was obtained similarly.
Measurement of relaxation rate
Protein samples were initially exposed to a light source as described above for five minutes and the rate constants for decay of the light activated state were measured from the kinetic trace obtained at 340nm. The decay was initiated by covering the window with aluminum foil and k hyd measured at various intervals over 15 minutes for the decay of the light activated state. The rate constants at each time point provide a measure of the relaxation rate (k decay ). For relaxation of FMN from its photo activated state, the absorbance change at 447nm was monitored to give k decay (FMN) . (12) Equilibrium Dissociation Constants
The equilibrium dissociation constant was measured by following the intrinsic protein fluorescence quenching as a function of ligand concentration using a Flouromax-2 or a Flouromax-4 (Horiba Jobin Yvon) spectrofluorometer (13) . All titrations were performed in MTEN buffer at pH 7.0 containing 1 mM DTT. Tryptophan fluorescence was monitored at 340 nm from excitation at 290 nm. The data were corrected for the inner filter effects and fit as before (13, 14) . In the case of NADPH binding, a fluorescence cuvette was used to avoid the inner filter effect at the required high concentration of the cofactor due to the weak binding of the chimera. The lit state reactions were performed by illuminating the sample with fluorescent lamp before making measurements. The excitation light from the instrument did not affect photoactivation of the chimera.
Transient-State Kinetics of Ligand Binding
Kinetics of ligand binding, involving on-and off-rate measurements were accomplished by following the ligand dependent quenching of intrinsic protein fluorescence. Protein tryptophans were excited at 290 nm and the resulting fluorescence was measured using a 340 nm interference filter. Rapid mixing with ligand generated a transient quenching of the fluorescence. The data were usually fit to a single exponential function to provide the observed rate. Association rate (k on ) measurements for H 4 F were performed using a relaxation technique. H 4 F dissociation rates(k off ) were determined accurately by a competition method with methotrexate as the trapping ligand. Typically, 5
µM of enzyme was incubated with 100 µM of H 4 F and for the ternary complex, 1 mM of NADPH or NADP+ was included. Concentration of the competing ligand, methotrexate, was 1 mM. Details of the principles behind these experiments have been discussed earlier (13) . Light activated state experiments were carried out by illuminating the stopped flow syringe with fluorescent light for 5 minutes before mixing the solutions.
Proteolysis of the LOV2-DHFR chimera
Limited proteolysis experiments were performed in 50 mM sodium phosphate buffer (pH 7.5) containing 100 mM sodium chloride (15) . AsLov2 and E. coli DHFR were used as controls. Chymotrypsin at a final concentration of 40 µg/mL was added to give a total reaction volume of 100 µL. Samples were incubated at room temperature and aliquots removed after 0, 10, 20, and 60 min for SDS-PAGE analysis. Proteolysis on the light activated protein followed 5min illumination of the solution by a fluorescent lamp. Protein concentration in these experiments was 100 µM.
II.

Supplementary Figure Legends and Figures
Figures S1-S5 describe the statistical coupling analysis (SCA) for the four protein families discussed in this work -PDZ, G protein, PAS, and DHFR. Figures S1, S2 , S4, and S5
describe (1) an overview of the basic structure and mechanism of each protein family, with specific focus on instances of allosteric signaling processes of relevance for this work, and (2) a basic cluster analysis of the SCA correlation matrix for an MSA of the family, and (3) the structural interpretation of the residues identified especially with regard to the allosteric process. Partial SCA analyses for the PDZ and G protein families have been reported before (3, 4) . For all SCA matrices described, we present here only a first-order analysis of the patterns described by the matrix; more intricate patterns of statistical interactions between amino acids are clearly evident that may carry more detailed meaning than is of relevance for this study and that will require further work to understand. SCA identified positions within 5A of substrate peptide are in yellow, those buried are in blue, and those that are solvent exposed at in red. As in Figure 2 , a residues is declared buried is its fractional solvent exposure is <0.1. C, SCA identified residues identified comprise a physically contiguous network of amino acids that basically define the ligand binding pocket and extending to a two specific distant surface sites (see Fig. S3 ), the largest of which comprises the α1 helix. The linkage of the PDZ binding pocket with the α1 helix is consistent with the known allosteric role of this site in regulation of Par-6 function through binding of the cdc42 G protein (17) . The color scheme is as described above. substrate interacting (yellow), buried (blue), and solvent exposed (red). The data show that surface exposed SCA residues occur nearly exclusively at the substrate interactions sites of both proteins and at the allosteric interaction site between the two (Fig. 1B) . This represents one example from nature that supports the idea that allosteric communication between protein domains might occur through connection of surface-exposed statistically correlated network positions. An effect of the light activation was detected in one rate step, k off (E.NH.H4F) at (1.29) 25 ºC and (1.27) 17.5 ºC again using sets of data (each set comprising average of 20-25 runs). The data are corrected as before for the decay of the light activated state during the course of the measurement. The value of k off is 12 times faster that the k cat for A120 suggesting that the k hyd step is principally rate limiting.
IV. Supplementary Tables
